Dirt Ingress Behavior of Wipers for Hydraulic Cylinders by Barillas, Gonzalo A. et al.
 
 
Dirt Ingress Behavior of Wipers for Hydraulic Cylinders 
Gonzalo A. Barillas 
Freudenberg Sealing Technologies, Ascheröder Strasse 57, 34613 Schwalmstadt, E-mail: 
gonzalo.barillas@fst.com 
Sören Richter  
Professor Dr.-Ing. Jürgen Weber 
Institut für Fluidtechnik (IFD), Technische Universität Dresden, Helmholtzstrasse 7a, 
01069 Dresden, E-mail: mailbox@ifd.mw.tu-dresden.de 
Abstract
Dirt ingress in hydraulic cylinders is one of the sources that leads to pollution of hydraulic 
systems. There are already several test rigs to investigate external contamination 
mechanisms. However, until now only the behavior of the whole sealing system was 
analyzed. A new testing method to understand the dirt particle transport between a 
reciprocating motioned rod and a wiper is presented. The new approach aims to avoid 
known issues such as limited reproducibility and long duration. The paper describes the 
test rig design and operating principle. First measurement results are shown. 
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1. Introduction 
When reliability and robustness is needed, hydraulic units and systems are some of the 
best solutions to go for. Their weak spot is oil contamination which leads – despite 
excellent filtration technology- to damage of components. The pollution in hydraulic 
systems has different sources: 
 Assembly and environment during assembly, 
 Cleanliness of components, 
 Wear resistance and deterioration of components, 
 Oil filling process, 
 Operation, 
 Maintenance. 
There are also internal and external sources of pollution and pollution developing 
processes (wear). The internal pollution can be reduced by the choice of components 
and their initial assembly. Measures to reduce the external pollution are bound to a good 
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maintenance as well as to an accurate installation and the choice of the right 
components. 
External pollution will easily intrude into the hydraulic system during operation where the 
components are open to the environment: connections and fittings, hydraulic cylinder 
rods and their sealing systems. Connectors and fittings are quasi static elements, while 
the hydraulic cylinder sealing systems are dynamically working elements which are more 
sensitive to build up a source of contamination. 
While the seals in a sealing system are designed to keep the oil in the hydraulic system, 
the wiper elements are designed to avoid contamination through dirt ingress into the 
system. Without a good wiper, the best seal will fail. Depending on the cylinder 
application different wiper designs are available, the DIN ISO 6195 /1/ describes the 
gland dimensions for wiper types. There are wipers with a wiper lip, wipers with a wiper 
and a sealing lip (double acting wipers), both types with and without metal case. Wipers 
with metal case are used in axially open glands, where the metal case is pressed into 
the cylinder cap. Wipers without metal case are snapped in an axially closed gland.  
Depending on the wiper type, dirt ingress may occur through different ways (Figure 1). 
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Figure 1: Wiper types and dirt ingress sources /1, 2, 3/
The functional requirements for a wiper are quite contradictory and in detail complex: To 
allow a longer life of the seal and wiper element, a lubrication film between the rod and 
these elements is needed. And to avoid contamination of the hydraulic system the wiper 
lip needs to keep the dirt and pollution outside the cylinder while letting the oil on the rod 
return into the cylinder to avoid leakage. Particles showing much larger dimension than 
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the lubricating film between seal and rod are able to pass from the outside of the cylinder 
into the cylinder, which means that the particle motion in the sealing gap needs further 
analysis. 
2. State of the art 
While there are several works on oil aging and contamination effects on hydraulic 
components /4, 5/ not much was published about the external contamination 
mechanisms. Only a few testing approaches to investigate the wiper effects on 
reciprocating linear motion have been presented. These test rigs have been designed to 
analyze the dirt ingress into a fluid actuator by measuring the dirt particle size and 
concentration depending on the strokes (time) for different sealing systems. 
The most common testing principle consists in applying a specific dust on the 
reciprocating working rod outside the cylinder and measuring the particles that passes 
through the wiper and the seal (if installed) into the inner side of the cylinder /6, 7/. Dust 
application can be static (or gravimetric) which means it is applied once on the rod or 
cylinder cap (Figure 2), or dynamic which means that the dust is being blown on the rod 
constantly. The way to measure the contamination consists in counting the particles (size 
and rate) in the oil using commercial available measuring equipment. A dynamical dust 
application increases the contamination rate dramatically /5/. This testing method allows 
a quite good application related comparison of different wipers and in case of the test rig 
in /5/ of wiper – seal – guide ring combinations with different pressures and stroke 
velocities. 
Figure 2: Wiper test with vertical rod (Freudenberg Sealing Technologies)
To be able to improve the design of wipers through simulation provides the 
understanding of the mechanisms in the contact zone of particles on rod and in the fluid 
film between wiper and rod. The current known test rigs as presented above will not 
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deliver valuable information to develop a simulation model. In order to gather data for a 
simulation model, a new test rig was developed.
3. Wiper test rig concept 
To develop and design a new test rig able to deliver information for a simulation model 
requires a different approach. The verification of the model also needs a principle of 
testing that is close to the field application of the wiper elements. The testing boundaries 
were defined as follows: 
• Pressure: p=0-350 bar, 
• Fluid flow: Q=6 l/min, 
• Temperature: Toil =25-60 °C, 
• Velocity: v=0-0,4 m/s, 
• Stroke: lH = 600 mm, 
• Rod Diameter: drod =50 mm, 
• Rod radial displacement: y=±0,3 mm, 
• Fluid: HLP 46, quick adaption to be able to test other fluids must be provided, 
• Contaminants: standardized powders and sands with predefined particle rate 
distribution. 
Based on the different works on simulation on seals, where the seal is supposed to be 
completely flooded between two chambers with different pressures /8, 9, 10, 11/ the 
proposed test rig needs two fluid chambers which will be separated by the wiper element 
or seal system (Figure 3). A similar test rig principle is used in seal conveyance tests. 
The approach will allow the further development of current simulation models by 
including the particle motion. The main advantage of using this two chamber concept is 
the continuous control of the contamination intensity on both sides of the wiper lip. This 
will ensure an excellent reproducibility and repeatability leading to a reduction of data 
standard deviation. 
Figure 3: Wiper test principle with flooded chambers /3/
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The contamination of both chambers will continuously change until an equilibrium is 
reached. Independent of the applied parameters and the test specimens, the mechanism 
of saturation itself may be described by the difference of particle migration due to the 
pumping rates of the rod movement /5/. The time until the saturation and the saturation 
level itself will be characteristic of wiper design and dependent from the load conditions. 
With 
• Cx as time-dependent concentration of particles with specific size x, 
• V as volume of fluid in the test rig circuit, 
• Sx as the particle amount with size x counted by the particle measuring device, 
• Q the volume flow rate passing through the particle measuring device 
The process of saturation can be described as shown in Figure 4: 
Cx·V= Sx-Q ·Cx dt .  (1)
Solving this integral leads to the differential equation 
dCx
dt
= 
Sx
V
- 
Q
V
·Cx.  (2)
Its solution is 
Cx t = 
Sx
Q
-D
V
Q
·e
Q
V·t.  (3)
With t  we get the final concentration for a specific particle size x with 
lim
t
Sx
Q
-D
V
Q
e-
Q
V t Cx,abs=
Sx
Q
.  (4)
The time T until saturation can be predicted by 
T= 
V
Q
.  (5)
A high robustness in the measuring equipment as well as in the handling of the different 
glands is mandatory to avoid random effects and to allow longer testing times when 
needed. Even so, a good correlation to field results is expected, a reason to design the 
rod bearing with a radial offset mechanism. It is well known, that not only a wiper but the 
whole sealing system may have an influence on the dirt ingress behavior /5/, so that the 
test rig design must also be able to test sealing systems -wiper, seal or seals and guide 
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ring combinations- acting under pressurized fluid conditions as it happens in field 
applications. 
Figure 4: Saturation process of particles for specific sizes /5/
To find the best solution for a test rig able to fulfill the goals, the current existing test rigs 
and new concepts were evaluated following a matrix according to VDI 2225-3. Out of a 
long list of requirements and criteria the most important were defined: 
• Reproducibility and Repeatability, 
• Robustness, 
• Lifetime (Endurance), 
• Test Cycle Time, 
• Practical Relevance, 
• Safety and Ergonomics. 
After weighing and evaluating the different proposals, the best evaluated single criteria 
were again put together in a new design concept to get the best of the best. 
4. Test rig design 
The test bench is used for experimental studies of wiper dirt ingress and flow behavior. 
Figure 5 illustrates the final construction. The test cell (11) consists of the center part, 
hollow cylinders and end caps (see also Figure 3). The components are screwed 
together. A centering fit ensures the concentric alignment. Testing different wiper types 
just needs to change the center part and its installation space – hollow cylinders and end 
caps are reusable. The installation space type A (snap-in wipers) and type B (with metal 
case) according to DIN ISO 6195 already cover most wiper types. The chosen setup 
reduces the production expenditure and simplifies modifications. The sealing system, 
which separates the fluid chambers from the environment, is situated within the end cap. 
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The mounting (12), which is fixed to the bottom plate, locates the test cell (11). The test 
cell resists a pressure up to 300 bar. Thus, less modification is necessary to use the test 
rig for flow behavior investigations of a sealing system. An inlet or outlet exist on top and 
at the bottom of the fluid chamber. 
Figure 5: Test rig design
The hard chromium plated piston rod (10) is made of stainless steel and hollow. The 
reduced mass decreases the tilt effect and the eccentricity due to its own weight. The 
electro-mechanical drive (1) moves the piston rod (10) back and forth. It is characterized 
by an easy controllability. The trapezoidal movement profile consists of a steady 
acceleration/ deceleration and as long as possible a constant velocity. The long stroke 
of 600 mm shall reduce the experimental time. The coupling (7) connects the piston rod 
(10) and the electro-mechanical drive (1). It compensates a radial and an angular 
displacement. A load cell (6) is placed in between. It measures the necessary forces to 
move the piston rod. 
According to Figure 6, each fluid chamber owns a separate, closed hydraulic circuit. A 
hydraulic pump (#P1) provides sufficient oil circulation to spread existing particulates 
evenly and to ensure enough volume flow through the particle measurement line. The 
used double diaphragm pump is powered by compressed air. The working cycle is 
alternating. The diaphragms of both chambers are linked. While one diaphragm chamber 
sucks, the other pumps fluid into the circuit. The pumping principle is robust against fluid 
contamination. The chosen pump is able to generate a pressure up to seven bar. 
However, a higher pressure reduces the achievable volume flow. The sensor (#S2) is 
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used to adjust and monitor the flow rate. The fluid chamber as well as the hydraulic line 
volume is as far as possible reduced. It contributes to an even distribution and a fast 
change in the particle concentration during the measurements. 
Figure 6: Hydraulic circuit
The sensor (#S1) measures the fluid particle concentration of both hydraulic circuits and 
alternatively determines the purity level based on ISO 4406:1999, SAE AS 4059 or NAS 
1638. It reports the particle amount per size range. The results according to NAS 1638 
are used for the measurements. There are five particle size ranges dedicated to the 
purity levels 00 (very good) to 14 (bad). The sensor uses an optical particle counter 
method. A diode emits a light beam through the fluid. Projected shadows on a detector 
produce a voltage change, which the sensor evaluates. This continuous procedure 
allows measurements within a 10-second cycle time.  
The allowed flow rate through the sensor is limited and much smaller than the pump 
delivery. The bypass conveys excessive volume flow passing the sensor. The spring-
loaded check valve (#V1) adjusts the particle measurement line pressure difference 
( p=3 bar). A throttle (#V2) can regulate the flow rate through the sensor (#S1). The 
sensor (#S1) itself will return a feedback, if the flow rate is out of the allowed range.  
A 4/2-way ball valve (#V4) adds the available cascaded filter elements, which clean the 
fluid after the measurement. The upstream rough filter (#Z2) prevents fast contamination 
and exchange of the fine filter (#Z3). 
During the rod’s translatoric stroke, the sealing element conveys oil from one 
measurement cell to the other according to the piston movement. The existing vessels 
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(#Z1) balance the transferred oil amount. They can be independently pneumatically 
preloaded. This is especially relevant for double acting wipers. They have inside a 
sealing lip. The operating pressure ranges up to three bar.  
The wiper lip shape allows following a radial piston rod displacement. It prevents opening 
the sealing gap. However, due to high-frequency loads and low temperatures, the wiper 
partially detaches from the rod surface. Hence, the changing behavior due to external 
stresses shall be investigated. For the present, a static lateral force will be applied on 
the piston rod. A single force application hardly produces a radial displacement of the 
unit under test in the central part. A force on both sides shifts the piston rod parallel to 
the centerline. Therefore, a diabolo-roll is used to applicate the force from below. Due to 
the sand-glass shape, the cylinder contacts the piston rod on two points. The distance 
between the contacts allows applying the load more evenly. The rolls are carried by a 
small fitting tolerance with spacer disks in axial direction. It enables an autonomous 
centering. The rod bending at the wiper position due to the double force application is 
much smaller than the desired eccentric displacement and so negligible. The guide play 
is designed to allow moving the piston rod. The guide ring only prevents a metallic 
contact during force application. The lip seals are usually responsible for centering the 
rod. 
The viscosity essentially affects the hydrodynamic lubrication height. It is nonlinearly 
dependent on temperature and pressure. An increasing oil temperature causes a 
decreasing viscosity. Investigating the wipers dirt ingress behavior will be done non-
pressurized. Hence, its influence is irrelevant. The dependency of the viscosity on the 
temperature needs to keep the hydraulic oil temperature constant during the 
measurements. This is particularly important for experimental repeatability. Two heat 
exchangers control the oil temperature. Additionally, water flows through the hollow 
piston rod. This realizes the heat supply and discharge. A sensor measures the 
temperature at the center part close to the wiper. Due to the irons good heat conductance 
the measurement accords with the wiper temperature. 
5. Experimental investigations 
For the experimental investigations one fluid chamber has to be contaminated with dirt. 
In previous works this has been done with standardized test dust. Typical representatives 
are ACFTD (Air Cleaner Fine Test Dust) and ISO MTD (formerly known as SAE Test 
Dust). They are also used for calibration automated particle sensors and for 
determination of the filter performance data. But they cause abrasion processes. The 
sand particles damage, among other things, the surface of the piston rod. Therefore, 
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polymer particles are used for this test rig to avoid wear. The particles provide a similar 
density as hydraulic oil. This ensures a homogenous distribution over a longer period. 
Figure 7 shows microscopic pictures of different kinds of polymer particles. The shape 
of the particles on the right (Vestosint) is irregular. They are used in automotive paint 
applications. The particle size is uniformly distributed around an average grain diameter 
(d=7-70 m). The monodisperse particle on the left are produced for scientific purpose 
and have a uniform spherical shape. The diameter varies only slightly. The manufacture 
offers several particle sizes which can individually combine according to requirements. 
The polymer particles are resistant to hydraulic oil also over a long period. Both variants 
are used for the experiments. The investigations will be accompanied by CFD simulation. 
The spherical particles can be modelled far more easily in the numerical assessment. 
Figure 7: Polymer particles and typical particle distribution /5/
The dirt ingress behavior of wipers is based on several mechanisms. Particles with a 
smaller size than the lubricant film (d=0,01…1 m) move with the flow in the sealing gap. 
But also larger particles (d<100 m) infiltrate the hydraulic system. They catch in the 
microscopic crack on the surface and are pulled under the elastic sealing. Figure 7 
shows exemplary typical size distributions of dirt in oil. Considering measuring range of 
the used particle sensor particles with a diameter d=2-100 m will be investigated. 
6. Summary  
After analyzing the different current wiper testing methods, a new testing approach to 
allow a model validation of particle motion in the lubricating film between wiper lip and 
rod was developed and built. Starting from the known simulation models for fluid 
conveying effects with flooded rooms on both sides of the sealing lip, a two circuit 
principle with different contamination levels was developed, allowing an online particle 
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concentration measurement and also a radial offset of the rod. Series of tests with 
different wipers are started. 
The test rig has been designed to allow a high versatility: Besides the contamination 
changes results for wipers, later also sealing systems (wiper-seal combinations) will be 
tested. The wiper conveying behavior with other fluids and contaminants will be 
analyzed. The simulation of the particle motion in the sealing/wiping area will be 
developed so that optimized products can be designed and their behavior predicted. 
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8. Nomenclature 
v velocity m/s 
Q fluid flow  l/min 
p pressure bar 
lH stroke mm 
y rod radial displacement mm 
Toil temperature °C 
d diameter mm 
Cx time-dependent concentration of particles with specific size x 1/ml 
V Volume of fluid in the test rig circuit ml 
Sx particle amount with size x counted by the particle measuring device 1/ml 
T The time until saturation s 
 
 
596 10th International Fluid Power Conference | Dresden 2016
